Chemicals and Reagents: Sulfamethazine (99%) and tylosin tartarate (912 units mg -1 ) were purchased from Sigma Aldrich (Oakville, ON, Canada). Chlortetracycline hydrochloride (>97%) and iso-chlortetracycline hydrochloride (97%) and 4-epi-chlortetracycline hydrochloride (97%) were purchased from Acros Organics (Geel, Belgium). Deionized water (18 MΩ) was obtained using a Millipore Milli-Q Gradient A10 (with total organic carbon detector) water purification system (Millipore, Billerica, MA, USA). Citric acid buffer (0.2 M) was prepared by dissolving NaOH (16 g) and citric acid (42 g) in deionized water (1 L).
Sample Extraction: Manure/compost samples were extracted using PLE and the resulting PLE extract was cleaned up by SPE. The conditions used for both the PLE and SPE were adapted from Jacobsen et al. (2004) .
Each manure/compost sample was thawed, mixed well, and a sub-sample of approximately 100 g (wet weight) placed in a polyethylene freezer bag. The sub-samples were freeze-dried (- (1500 psi). The cell was then flushed with 30% volume of extraction solvent and purged with nitrogen gas for 1.5 min (10.5 kg cm -2 or 150 psi). The resulting extract (~ 30 mL) was diluted to 250 mL with deionized water and then subjected to SPE clean-up.
For SPE clean-up, an Oasis WCX cartridge (6cc, 150 mg; Waters, Milford, MA, USA) was stacked on top of an Oasis HLB cartridge (35cc, 6 g; Waters, Milford, MA, USA). Isochlortetracycline and enol/keto-chlortetracycline were sorbed by the WCX cartridge whereas sulfamethazine and tylosin, which were not sorbed by the WCX cartridge, were retained on the HLB cartridge. The cartridges were conditioned in tandem with methanol (5 mL) followed by deionzed water (5 mL). Diluted manure extract (250 mL) was passed through the cartridges under vacuum at a rate of approximately 2 mL min -1 . When sample loading was complete, the cartridges were air-dried for 10 min under vacuum. The cartridges were then separated and individually eluted into 50-mL conical centrifuge tubes. The HLB cartridge was eluted with methanol (10 mL) whereas the WCX cartridge was washed with methanol (20 mL) and then eluted with 10 mL of methanol containing 2% formic acid. The 20-mL methanol wash was also retained for analysis because, for the first two sampling dates when concentrations of chlortetracycline were relatively high, there was some breakthrough of iso-chlortetracycline in the wash. All three eluents were collected separately and evaporated to dryness under a gentle stream of nitrogen gas with each centrifuge tube immersed in a water bath (40 o C). The extract residues were taken to volume (1 mL) with dionized water and the reconstituted extracts transferred to liquid chromatography vials and maintained at -15 o C until analysis.
Sample Extract Analysis by Liquid Chromatography Tandem Mass Spectrometry
Standards solutions containing sulfamethazine, chlortetracycline, iso-chlortetracycline and tylosin were made up in deionized water and immediately analyzed. LC/MS/MS analysis resulted in single peaks for all compounds with the exception of chlortetracycline which had begun to isomerize to iso-chlortetracycline and 4-epi-iso-chlortetracycline. When standard solutions of sulfamethazine, iso-chlortetracycline and tylosin were maintained at - Chlortetracycline epimerizes to 4-epi-chlortetracycline and, in the solid state, both compounds exist in their enol form (Naidong et al., 1990) . In aqueous solution, both compounds tautomerize to the corresponding keto form and all four tautomers have been separated using liquid chromatography (Cherlet et al., 2006) . In an earlier study (Bailey et al., 2006) , we observed all four tautomers (enol-chlortetracycline, 4-epi-enol-chlortetracycline, keto-chlortetracycline, 4-epi-keto-chlortetracycline) and the two isomers (iso-chlortetracycline and 4-epi-isochlortetracycline) in natural wetland water. Because the extraction solvent used for the manure/compost samples contained aqueous citrate buffer, the manure/compost extracts were monitored for all six compounds. Under the chromatographic conditions described above, the four tautomers were present in a somewhat broadened peak with a retention time of approximately 5.8 min and hereafter will be referred to as enol/keto-chlortetracycline. The retention times for the other analytes were as follows: 4-epi-iso-chlortetracycline (1.91 min), isochlortetracycline (2.21 min), sulfamethazine (2.37 min); 13 C 6 -sulfamethazine (2.37 min) and tylosin (6.00 min.) respectively. The peak areas for 4-epi-iso-chlortetracycline and isochlortetracycline were summed and collectively, hereafter, will be referred to as isochlortetracycline. . The parent ion for each antimicrobial (M+H) was selected for collision induced dissociation using the first quadrupole. The second quadrupole, into which argon gas was introduced, functioned as a collision cell and the third quadrupole was used to monitor the resulting major product ion. (Table S5) . Argon was used as collision gas at a pressure which increased the Pirani gauge reading to 2.83×10 -3 mbar. Resolution was set to achieve unit mass resolution for quadrupole 1 and approximately 2 atomic mass units resolution for quadrupole 3.
Calibration: A four point calibration curve (10, 50, 100 and 250 µg/L) was established for each analyte. However, because standard solutions of chlortetracycline were unstable, it was not possible to obtain a reliable calibration curve. Consequently, the calibration curve for isochlortetracycline was also used to quantify enol/keto-chlortetracycline and the summation 4-epiiso-chlortetracycline plus iso-chlortetracycline. Under the conditions described above, instrumental detection limits of 10 ng for sulfamethazine and tylosin and 25 ng for isochlortetracycline were achieved.
Fortification/Recovery Studies
Beef cattle manure: Control freeze-dried beef cattle manure (5 g; obtained from Animal and Poultry Science, College of Agriculture, University of Saskatchewan, Saskatoon, SK) was fortified by the addition of 100 and 500 ng of sulfamethazine, tylosin and iso-chlortetracycline dissolved in methanol (0.5 mL), resulting in concentrations of 20 (n = 4) and 100 (n = 4) µg kg -1 .
The fortified manure was then mixed well and placed in a fume hood until evaporation of the methanol was complete. Control manure was also treated with methanol only. Average recoveries at 20 µg kg -1 were 61 ± 3%, 125 ± 10%, 115 ± 31 % for sulfamethazine, tylosin, and iso-chlortetracycline, respectively, whereas corresponding recoveries at 100 µg kg -1 were 48 ± 12%, 30 ± 10%, 32 ± 22%, respectively. Similar recoveries were obtained from composted manure fortified at the same levels.
The high recoveries of tylosin and iso-chlortetracycline at the 20 µg kg -1 fortification level most likely were due to ionization enhancement in the source of the mass spectrometer (we did not have isotope-labelled standards for these antimicrobials). The lower recoveries of these two compounds at the 100 µg kg -1 level most likely reflect their higher sorption coefficients (Table S2) .
Beef cattle manure extract: Control beef cattle manure samples were extracted using the PLE method described above. The extracts (~30 mL) were diluted to 250 mL with deionized water.
The diluted extracts were fortified by the addition of 500 ng of sulfamethazine, tylosin and isochlortetracycline dissolved in methanol (0.5 mL), resulting in a concentration of 2 µg L -1 (n = 4).
Average recoveries were 78 ± 8%, 104 ± 7%, 103 ± 9 % for sulfamethazine, tylosin, and isochlortetracycline respectively. Water solubility (mg L 
